Outstanding results have been obtained in the treatment of chronic myeloid leukemia (CML) with first line imatinib therapy. However, approximately 35% of patients will not obtain long-term benefit with this approach. Allogeneic hematopoietic stem cell transplantation (HCT) is a valuable second and third line therapy for appropriately selected patients. In order to identify useful prognostic indicators of transplant outcome in post-imatinib therapeutic interventions we investigated the role of the HCT comorbidity index (HCT-CI) together with levels of C-reactive protein (CRP) prior to HCT in 271 patients who underwent myeloablative HCT for CML in first chronic phase. Multivariate analysis showed both the HCT-CI score > 0 and CRP levels > 9 mg/L to independently predict inferior survival and increased nonrelapse mortality at 100 days post HCT. CML patients without comorbidities (HCT-CI score 0) with normal CRP levels (0-9 mg/L) may therefore be candidates for early allogeneic HCT after failing imatinib.
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Introduction
The past decade has witnessed a dramatic change in the management of chronic myeloid leukaemia (CML) such that the majority of patients initially receive therapy with imatinib rather than being offered allogeneic hematopoietic cell transplantation (HCT). 1 However, approximately 35% of these patients will fail to respond and/or develop intolerance. The treatment choices then include second generation tyrosine kinase inhibitors (2G-TKI) and HCT and the current challenge is to optimize the relative timings of these alternatives.
The results of HCT in CML can be predicted using a prognostic score devised by The hematopoietic cell transplantation comorbidity index (HCT-CI) was developed in order to analyze the impact of comorbidities on outcome of HCT. 4 In a number of studies the HCT-CI predicted for nonrelapse mortality (NRM) and
For personal use only. on October 22, 2017. by guest www.bloodjournal.org From overall survival (OS) [5] [6] [7] [8] but it has never been studied specifically in patients with CML. C-reactive protein (CRP) is a sensitive marker of inflammation and individuals with elevated levels of this acute phase protein are known to have an increased risk of cardiovascular diseases and malignancies. [9] [10] We and others have previously shown the value of CRP levels shortly before HCT in predicting its outcomes. [11] [12] However, it was unclear whether the elevated CRP was a reflection of an underlying comorbidity. In this study, we investigated the prognostic value of HCT-CI together with preconditioning levels of CRP for patients with CML in first chronic phase. We demonstrate that both are independent predictors of NRM and OS.
Study Design
We carried out a retrospective analysis of the outcomes of HCT in 312
consecutive patients who underwent myeloablative HCT between January 1991 and July 2008; 41 patients with incomplete data were omitted from the analysis.
The median age of 271 analyzed patients was 34 years (range 10 -60). Fifteen CRP data were missing in 27 of the 271 patients so they were excluded from the For personal use only. on October 22, 2017. by guest www.bloodjournal.org From multivariate analysis. The study was approved by the ethical review board of Imperial College.
EBMT scores were calculated for each patient as described previously. 2 Comorbidities were assessed by comprehensive review of medical records and computer database by a single investigator (B.T-R.), who was unaware of transplant outcomes. They were defined and assigned different weights (1-3) by the HCT-CI. 4 Preconditioning serum CRP levels were measured at a median of 16 days prior to stem cell infusion using a standard latex immunoassay (CRP Vario ® , Abbott Architect ci8200 analyzer, normal range 0-9 mg/L). Two outcomes were considered: OS, calculated from the day of transplant until death from any cause, and NRM defined as any cause of death not related to relapse and measured at 100 days post transplant. Probability curves were calculated using the Kaplan-Meier method for survival and the cumulative incidence procedure for NRM. Groups were compared using the log rank test, whilst the Cox regression analysis was utilized in the multivariate setting. P-values less than .05 were considered significant.
Results and Discussion
The proportion of patients with CRP >10 mg/L was equal amongst patients with or without comorbidities (11%), confirming the independence of these two factors. In multivariate analysis the EBMT scores lacked association with NRM, but scores >3 predicted for inferior OS (Table 1) . This study is the first to investigate the prognostic value of comorbidities on outcomes of HCT in CML. Previously patients transplanted for CML were contained within comorbidity studies that included patients with other diagnoses.
In the study of Sorror et al, patients with CML accounted for 20% of the total cohort of 1055 patients. 4 Subsequent studies supporting the prognostic value of HCT-CI included only few 5 or no CML patients. [6] [7] [8] However, other studies have not confirmed the prognostic role of HCT-CI. [13] [14] [15] These include one study of 187 patients (21% with CML) in which HCT-CI did not correlate with NRM or OS. 13 For personal use only. on October 22, 2017. by guest www.bloodjournal.org From Increased levels of CRP were observed in newly diagnosed patients with CML 16 and serum interleukin-6 levels were found to correlate with monocyte, basophil and blast cell counts in CML. 17 Polymorphisms within the CRP gene promoter region were found to be associated with elevated CRP levels 18 and family and twin studies suggest that additive genetic factors account for as much as 40% of the variance in plasma CRP levels 19 . Polymorphisms of several genes involved in host defence/inflammatory responses are associated with transplant outcomes. 20 It is possible that increased levels of CRP could reflect underlying inflammatory processes or gene polymorphisms which modify immune interactions of the host and graft leading to inferior outcomes of transplantation. We have, however, observed no association of CRP levels with incidence or severity of GvHD (data not shown).
The probability of response to 2G-TKI in patients who fail imatinib can be predicted from their Sokal score at diagnosis, best cytogenetic response and recurrent neutropenia on imatinib. 22 The level of cytogenetic response at 3 or 6 months after starting dasatinib or nilotinib correlates with a major cytogenetic response at one year. 21 A careful consideration of these factors taken in conjunction with the predicted outcome following HCT that takes account of CRP and comorbidity status could be valuable for deciding whether and when to offer HCT to a given patient with CML in first chronic phase who has a suitably matched donor after imatinib failure. HCT-CI indicates the hematopoietic cell transplantation comorbidity index; CRP C-reactive protein; EBMT European Group for Blood and Marrow transplantation; HR hazard ratio; CI confidence interval; OS overall survival; NRM nonrelapse mortality. 27 patients were excluded from the analyses due to lack of CRP data. 
